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INTRODU CTIO*
Scavenging is the process of removing the exhaust
gases from an engine. In the conventional fouv~ stroke~
cycle engine all the exhaust O‘ades eAceft thos in the
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is used to absorb theé engine bpower. The compression
ratio; . valve 1¢;u, and 4me,of,0pening:and closing the
valves can all be varied .incependsatly. The carburstor:
which is”uouallb.usea with this eazine was left in place
and its throttles were used to ccatrol.the air supply for
-starting. A Roots type supercharger driven by an elec-
tric wmotor bU““]JCd the engine with air at greater than
gatmospheric pressure. Two tanks were placed-in the air’
duct lptneen the SHperc“arger and the engine to damn pres—

e B3

sure pulsations. Figure 1 s 1ows tke set-up. .
A commercial ?uel~injecﬁ{om_p1;p was Griven from the

crankshaft through a 2:1 reduction gear, wvhicih als
as 2 timing mechan ism.',A,spring—loaded auntomatic~injec~
tion vaelve (fig. 2) set to open at a pressure of 3,000
‘pounds per sguare inch was used in the top spark-plug hole.
mhe other two holes vere used for the spark plugs of the

) tle 1gn~t10n system. The nozzle of the injection valve
had seven orifices located to give a spray in a plane
parallel to the crankshaft. This injection valve and nog-
zle were selected after several types.inad beer-tried.- E

» Before the tests herein reported Were conducted, the
vYalve Iift was set at three-eighthsinch and numerous ruas
were made to détermine the best valve timing.  The settirgs
finally decided upon were as follows: inlet opens 609 be-
fore top center, inlet closes 27° after bottom center, ex—
haust opens 47° before bottom center, exhaust closes 52°
after top center. The eventis occurring at the bottom of -
the strokre were probadbly not timed guite as well as was
possible, for they were at the 1imit of their adjuastment,
but from the data presented in refereunce 1, it seens yroba—
ble that they were “not displaced far enoug N from their opti-
mum positions to affect the engine power ap}“e01aol . The
events at the top of the stroke were al approximately their
test positions, but their timing was not critiecal within
59 or 100. B -

The adjustable pump-drive gear was set to give in-
jecticn of fuel at the time that gave maximun power, and
the actual time in the cycle at vhick injection occurred
was de*erm;ned by means of a "Strob orara“o -Injection
started at 709 after top center on the suction stroke; the
daration of inj ect¢on was from 70° to 800, .according to the
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The torque: at the" dvpamoneter wa's read dlrectlv from
dial scales, and the fuel coasumption and englne speed
were determined from thé readings of an electr1Cally oper=
ated counter and stop watcn,vwhﬂch were cobnnected to the
fuel scales and cave the time and the- number of engine
revolutions: req01rod to use a given- weight of. fuel. Forv
all conditions for which the fuel consumption was desired
a series of at least three runs was made with fuel ratios
varying from ~slightly ‘richer’ than necessary for maximom
powér to lean: enough to cause a d4c1ded .drop in power.,e”
The ignition tlmlnb‘was set for maximum power Whenever a
change was made in the - compre351on ratlo.* The max*mum
cylinder pressures.wére measured- with a modlfled *arnboro
electrlc 1ndlcator. (Reperence 3. ) ’ :

- .
e

A short series of tests was made us 1ng “the cerburetor
instead.of the fuel-injection syste m.' The carburetor used
was-a- Stromberg NA-L5 model to whlch ‘s needle valve had
‘been added to give ready control of the mixzture strength.
An dutomatic: regulating ‘valve malntalned the- gasoline feed
at a constant pressure over: that of the’ 1n1et alr.f The
carburetor runs were made with thé needle valve adjusted
to give the maximum power at full throttle with the least
fuel consumption. “For each condition the optimum ignltlon
timing wa's used except for the 8.5 compression ratio, which
ne08531tated retarawng the 1 nltlon to ellmlnate detonatlon.

ESULTS AND DISCUS3ION

In this investigation the scavenging pressures for
practically all tests with the fuel-injection system were
limited to 2 inches of mercury because the injection pump
did not have sufficient capacity to supply fuel for the
combustion of more air. The scavengln pressure for tests
with the carburetor was limited to 6 inches of mercury.
Figure 3 shows the b.m.e.p. and the specific fuel consump-
tion obtained with different degrees of boost with a fuel-
injection system and with a carburetor when thé engine is
operated with a large valve overlap. Similar performance
data are shown for this engine with a carburetor when
operating with standard Liberty t;mlné 0T mo valve overlap.
No' correction has’ been made for the'powér Tequired to drive
the supercharger for: any of the data presented, . This" cor—
rection, however,; would be very small, probably'not over 2
or 3 per cent of {the total engine power at 2 inch'es of mer-
cury boost. It is reasonable to assume that some improve-
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ment in scavenging must be obtained with no boost pres~
sure, or there would not be so great a difference between
the. b.m.e.p. with no valve overlap and the b.m.e.p. with
.a valve overlap. For the condition. u31ns a large valve
overlap the b.m.e.p. at first increases with boosting at
a much greater rate than with no valve overlap. TFor
pressure differences between the inlet and the exhaust of
more than 4 or 5 inches of mercury, the point where the
curve indicates that the engine is almost compleuely,scav~
ged, the rate of increase should be the same with either
valve timing, with the actual value for the scavenged en-
gine higher by a constant amount depending on the com-
pression ratio. The fuel-injection system gives approxi-
mately 10 pounds per square inch b.m.e.p. more than the
carburetor. The specific fuel consumption for a carbue
reted engine with no valve overlap and for a fuel-injec-
tion engine with a valve overlap decreases with the boost
pressure; whereas, the fuel consumption for a carbureted
engine with a large valve overlap increases with the boosgt
pressure. The fuel consumption for the latter condition .
increases when the boost pressure is increased becauoe
some of the mixture is wasted in the. scavenging process. -

, ‘The effect of a 1arge valve overlap on the b.m.e. P
and the fuel consumption at various compression ratios
with fuel injection is shown by the curves in Figure 4,
These curves show that the scavenging of an engine results
in a large increase in power and an appreciable improve-
ment in fuel consumption. The actual quantity of fuel in-
jected per cycle, however, is greater when the engine is
scavenged and boosted because the welgnt of air inducted

is greater, It will be noted that with a more completely
scavenged and boosted engine excellent economy can be ob-
tained with exceptionally high power output. For instance,
at a compression ratic of 5.5 and 2 inches of mercury boost
the b.m.e.p. is 178 pounds per sguare inch and the fuel con-
sumption O.51 pound per brake horsepower per hour, as com-
pared with a b.m.e.p. of 145 pounds per square inch and a
fuel consumption of 0.54 pound per brake horse.ower per
hour for a carbureted engine operating with xn0o valve over-
1ap.‘ (FPig. 3.)

Figure 5 shows the results obtained at compression
~ratios of 5.5 and 6.5 with domestic aviation gasoline com-
pared with those obtained with domestic aviation gasoline
"plus 10 cubic centimeters of ethyl fluid per gallon. At
& compression ratio of 5.5 very little improvement is




noted in fuel consumption or power; whereas, at a com-
pression ratio of 6.5 the power and fuel consumption are
considerably better with doped fuel, Although no tests
were made to determine the amount that the pressure at
the intake could be increased without detonation with do-—
mestic aviation gasoline, it is believed that at a com=-
pression ratio of 5.5 the boost pregsure could be in-
creased at least to 2 inches of mercury.

Although most of the tests were conducted with suf-
ficient ethyl fluid to eliminate detonation, a few tests
were made with no ethyl fluid in the gasoline. There was
no-audible difference in the tendency to detonate with an
engine having a scavenged clearance volume as compared with
one that  is not scavenged.

The curves in Figure 6 show the effect on power and
fuel consumption of operating at speeds of 1,200, 1,500,
and 1,800 r.pim. The best performance was odbtained at a.
speed of«1,500 r.p.m. and the poorest performance at 1,200
r.p.m. .This large difference in performance may Dbe caused
by the length of either the intake or evhanust mipe or hoth.
Previous tests have shown that at 1,500 r.p.m. the inlet
pipe used was more favorable to high output than was no. in-
. let pipe, and it is entirely possible that the exhaust pipe
exerted a gimilar effect.

The explosion pressures were 660, 810,. 870, and 830
pounds per sqguare inch for a scavenged engine with 2 1lnches
of mercury boost at compression ratios of 5.5, 6.5, 7.5,
-and 8.5. The explosion pressures for the 8.5 compression -
ratio were low because it was necessary to retard the spark
to prevent detonation.

The operation of the engine was normal except at. i-
dling speeds. .It is believed the idling could be improved
by reducing the volume between the throttle and the intake
port. With the present volume when the throttle is closed
the exhaust gases from the cylinder flow .into the intake
Pive. On the following stroke these dead gnses are in-
ducted into the combustion chamber. The varying amount of
these dead gases present- for each cycle causes the engine
‘to idle poorly. With the fuel-injection system and no
valve overlap the engine idled satisfactorily.

Mechénical considerations. - The valve timing that is
best for a supercharged engine at sea level is not neces-
sarily the best at altitude because at altitude the pres-
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sure difference between th

»

e intake and the exuaust valve.
is greater. . Furthermorco,. the*?n;ortance of u51ng a scav—
enging. blower decreases as the @ ltude 1ncreameg Decause
there is less exhaust .gas in the cleuralce volume' the ex-—
haust pressure teing less. At an’ altitude of 18, 000 feet
there 1isg aprv,"‘m‘*elv 50 per cen* by weight less’ exhaust
gas, in Lhe clearsznce volume at the end of’ the scgvengldb
strolte than there is at sea level; hence, the increase in
power due to scaveunging the engins should be only 50 per
cent of what it is at sea level., ZXBecause the pressure
difference between the intake and exhaust increasés with
an increase in altitude on a supercharged: engine the a-
mount of compressed air wasted would have to be comnsidered
in the timing of tle engine operating at'hlgh altitude.
This wasted air need not be¥con31iered for engin 1es oper-
ating at moderately low altitudes. ¥

For engines equipped with turbosd crchar'ers the im-.
provement due to S”%V@ﬂbln vvould Dbe obtw1ned at all alti=-
tudes up to the critical altitude rrov;ded that ‘the pres~'
sure at the intake could be maintaiued a few 1ncn s of N
mercury higher than the pressure at the exnevst - To ob~f
tain the best results with a turbos uperchar er it may be
ﬁecessarv also to use a geared supércharger with a small &
compres ssion ratio to give the necessary pressure dlfference.

The cylinder overlap must be considered also 50 that
one cylinder does not starve another cylinder. It is Dbe=
lieved that this difficulty with a fuel 1ndect10n could be.
overcome by -connecting each cylinder through a short 1n~’.
take into a common reservoir. The reservoir should be suf-
ficiently large so that pressure fluctuations would not.
aprreciably qf ect the charge to each cylinder. Any ram-
ming action obtained with long inlet pipes due to the ki-
netic energy of the air could be compensated for by slight~
1y 1u0“ea51n5 the pressure in the TGSOTVOIT.

The fuel~injection system 1is more complicated than.
the carburetor, bdbut it has some important advantages.  In
most carbureted engines some of the cylinders receive a
richer mixture than others. This unequal distridbution
means that all of the mixture must be -enriched until the
leanest mixture which any ¢ylinder receives is not too lean.
Because better d‘StTlDUulOn can be obta:ned Wlth a fuel-in-
jection system than with a carburetor, the fuel 1ngect10n
should be more economical and give better dcceleratlon and

smoother running. .: : .
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qu results of theoe t %ts 1nd1cate P
1u ‘That the clearance‘volume-of~3*c©nvehtibnaluvﬁ
four-stroke—~cycle engine can be scavenged by using a.'
large valve overlap and a pressure difference of from
2 to b i inche 'fof Wercvry betweev tne 1ntake and the Ca ol
exnaust yalve. SRR cE

2. That this improvement in the scavenging results
in a large increase in power and slight decrease in fuel
consumption.

%, That an increase of approximately 10 pounds per
sguare inch b.m.e.p. was obtained with a fuel-injection
vstem over that of a carburetor.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautﬂcs,
Langley ¥Field, Va., Janunary 25, 1932.
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